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(54) DIODE 
(57) Abstract 

PROBLEM TO BE SOLVED: To provide a diode which is 
high in reverse breakdown voltage and excellent in 
rectification efficiency. 

SOLUTION: An N-type impurity region 12 is formed on the 
surface of a semiconductor substrate 11 to serve as a 
cathode, and a P-type impurity region 13 is formed 
surrounding the N-type impurity region 12 so as to serve 
as an anode and to form a PN junction together with the 
impurity region 12. The N-type impurity region 12 and 
the P-type impurity region 13 are formed at the same 
time when an N well and P well are formed through a 
usual MOS manufacturing process. The semiconductor 
substrate 11 is low in impurity concentration and not 
enough in number of holes, but the N-type impurity 
region 12 is small in base area, and carriers (electron) 
moved from the semiconductor substrate to the N-type 
impurity region 12 while a forward voltage is applied 
are limited in number, so that most of the carriers are 
combined with holes and disappear, and carriers left as 
stored carriers in the semiconductor substrate 11 are 
little. Therefore, a leakage current hardly occurs while 
a reverse voltage is applied, so that a diode of this 
constitution is enhanced in rectification efficiency. 
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(57) [31*^1 

m»:^m ^mi^m^ 1 1 ©*ffiic* y- k t l-c 

iii^<0M0Si!ijt7°ci-fe;5;-eNi;^:n/VioJ:0:p^}'3: 





(ommt. mum i mmm^tmmi.ii xxfm2 mmm. 

^*fiife|g«EM'^coJiH;&lR]aflE<08]iPJc J: o # 5 ttlE 

[ft 3 1 wis^ 1 mwmp^wmmisxnm 2 si 

[0 0 0 1 J 
[0002] 

<0/J^$ V'MO S (Metal-Oxide-Semiconductor ; • K 
[0003] :L<om<0 I C*- K-Ctt, SSEffliJ^ 

i^9d<>3^j:CMO S (Complementary UOS : ISMMMO 50 
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S) §^3g7*o-t;^^c*sv^-cef-&-C;^^^;*-— KSrf^Oiitf 

T / — K t P*«M^*fi^«*lci: y — K t N 
W© P Ng^a-JC J: o T5J«t®«fESrffi«ft b J: 5 i: i-5 1 © 
{c*>»tS y— ;^i3 K W VSr?^fiK-r5fc«)©'f 

[0 0 0 41 

[^ladS^RL-J: 5 ti-S3^1 ffl^, MO 

S h7i^v»:^^©y— ;^*5j;t;5KV'>f ^'ttl 0"~1 o 

y- K*5 iOt* y— Kt*fcl^mS©iSijgA^*fi'fe)Sr-& 
jESr^nlbl^c 1 1 ©^{'^WffiJiTy - K*5 J;U5* y— K 

jc*5«t2>y— ;^ • Kw vjgj^xsi:!^— xamioT 

y-T:^— K<OTy — K*5j;Uf:*y— KilrJ^fiebfc»^»c: 
[000 51 Itlw, ±|Sbifc#^S)3iS<0 I C*— h'<OX 

i^'j^y<4T:^i>m^^':>Xf^Vi:m^ii^^^. HE^^iSiffifii 
[0 0 0 61 :i<omm%:m»:-r^K\i. y-{:^—Y(OT 

(omik±. JiB;^f^«ffi<oB3WMM^Jc*y-K*fcl4T 

y- K*»6>j|^^#:««^jsftai y r («ii5fa«i:) 

ttT / — K^c^ft^^TiS»:;^IB]S^iS355-^ i: 5 1 5 ^ -5 
^^t^aI^«s^B;V^r^:«. «f!I;ttfii1^© am (Amplitude Mod 
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10 0 0 71 7t:^M«*^*^-5^S^«-<B*T/i:$ttfct 
[0 0 0 8] 

mi mmm^m<^mmi3 xvpm2 mmm^m<^m 

IS 1 «SS!^*fii^|g*l£i:IS2»«M^*fiife®«t <?>Ml- 

*Bife^^i3 J: tKif 2 »«M71^*fiife)^«», MO S m^<r> 

[0 00 91 *fl5gco>5^W Kt?«. S 2 ^B^^^ifi 
rttcit), f^l^m§!JpiW«9ffi«i:S^2»«S!^*fi«s 

[0 0 1 01 

[0 0 1 1 1 ^2^i*^w<D-l?^so5?^«lc«sy^:3^ 
- Y^^tim.mM^^m\'^xmm\.fm^m. i c*- 40 

li^SMSil C;!t7-Kl i:. r ©^Sto^ I C*- K 1 
2 Sr-&/^-C«^$*vS„ I C*- 
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^ v' 5 ± o r « sp?^^ t $ tuT ttSSSJft (c^^ S 
[0 0 121 ElM:H2JC*5ltS;J^W";*— K4<0«iiSr 

(b) I* (a) ©x-x' i5^-h^hmzMmm&^^ 
ncfe{t5gffi="i'/v-3<o-4SB(;i^)eg$tv, y^r;*— 

MH^ PM^*fi«3^«E 1 3 «*5geg»j:fc«t 1 91 
[00131 2ttg|<*:S« 1 1 tt, 'ptJ;t«5i?o V (B) ^ 

<Dpa^*c«»«r-&tf->y = 

X'^xm^tSV^ (P) ^<ONM^il«'KiSr-r;^-vaAbT 

^<D^m<ii!>m3ti^m^ii i o "is/ c m» t . ^i^* 

#:»«1 2 4ffaa[iiS<^<Co TV >5„ P®^*fi<fe 

ffl«13«:, ii^©MOSt!!it7'n-fe;^fcj3V>T«»J;t« 

(B) ^<DPS^*Bi^Sr>r;^i^aAL.rP!>3:/V' 

< /i-pTV>5o NM^M'il'S^E 1 2 OjiEBf-^ X(*'P!1^ 
« 2 M m X 2 // m®S-e, PS!^*fiigb^« 1 3 (DlS.tS-^ 
•YXtt^ai;t«l OtfmX 1 0AtmgJ[t?*)-5o N 
M^»&(^^4iei 2:i3j:U(PM^M<^^J%l 3(0^$»^ 

[00141 »c»c, r ® J: 5 *«|jt<0^'f';*— K4 S:^ 
[0 0 151 #g?)teS!lC;*— Kl^Sry-r7^^2^c 

•fe y h-rs a: , y -^y^c 2 \ifRMmtnc^xk7'-^ 

Srag$-«rT33l«3W/v7JcJ:o-c®jS[t bra;^-r 

C*-Kl©S«=«'f/V3«c«:. y-^^ 
7 ^ 2 <o2lfg 3 ^/u 7 Sr«E4^Sti3fE^cJi:^■r S3£«ffiS 
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y-f K4<DjS^ABMlcJiiS;&lRl«£E*s 

[0 0 16] j^CtC, Elf':^bfcfil5g<DyW';^— K4<D 

[00 171 anc^Lfc^'T;*— K4©f^«Si 

v>TlftM-r-5. 'i:*3> 0 5 (a) l*Tffifi|jtS:«U 1^ 

0 (b) « (a) ©Y-Y' 3^r«g*»e,mfc»fffi«it?^« 
•To 

10 0 1 81 EI5tc*Lfcy-f:^— m> PM^if^^ft: 

2 1 , NS?F*8iKi«« 10 2 (o-mrnhm-r^ j: 5 b 

mmi 0 3 i:<S-{ix.-C«jS!£$ixTV>s„ NM^*ei^ti*E 

1 0 2 i PM^*fi<fe^« 1 0 3 t liPNS-^S-J^^-r 

^5 mi) ^-mA\:imm^tixTy-h'tvxmm 

U Na^»fi«&fS«l 0 2««aj;tli§ft=i-r/V'3 

1) ®-i|gBJc^iK$HT*y-Kt L,Ti»lii-SJ:5 

^c/ioTV^5, /j:*5, ¥9I«:»«10 1, Na:^*fii|^ 

«1 0 2*Sj;T^PM^)ffi!^^:^l 0 3<0#^*e<^|g« 

[0 0 191 :L0>iiot£-mtt;)m&<O77-y/\'m.^-<:i' 

[0 0 2 01 Si*, 06(c^bfcJ:5f-, SK^ABIB»;i 

«^®i®i 0 2o^-v yr (rrTf*. gitpo -c* 
bfc«^) fi, ^<D-^®^cJ^^$i^fcPNS^BS:;^^ 
UT PS!^i!«4fe®« 10 3 »;i«Hb r r Kf^mEt 

as-rso rtucit?, p^JT;*iB'feffltiici 0 3*^p>NM^ 
*fi'fe®«i 0 2(ciftix5«S;&iH)<o««(ft mT. 

[00 2 11 ^<Db^. vmnrnx^^b^m^w^i 0 
icom0:i*ps^*e'^ffl«i 0 3 kmtmmMLiif£':>x 

V-SWC. NS!^*fi'Sl@iSEl 0 2 it'<o*-v y TC?— giJ 
tt. i|£««:S«l 0 IrtJcb^tdbT, rrjciWEUT 



(4) «PP|5F 10-335678 

6 

10 2 *^t>¥^^S« 10 1 --(O^^-f y Ti^tbilNS!^ 

mmmi o 2 t^it^f^a^i 0 1 t<oH(D-f -^r©^ 

l^ffi «l!liB*5J:afjeiS) Sr:^^b-C^TiP^^S:^, NS^JK 

igoW$.i 0 2<oji£ffi©®aft*^©ffi!liS©B?Bl-Jt'<r*» 

7»&«b€ii$i 0 2(D&m(Dmm-t. pm^wsmiiii 0 

3 twraf-j^fiK^nfePN^-e-offiMJcit'^T^) 

10 0 2 *»t>i|t#ft:»K 10 1 jcigmi-rs ^-^ y r»»*ffla 

5, ) ;6Si|^^«ii*:S« 1 0 1 d^e>NS!^»e'^®iac 1 0 2^^ 
[00 2 21 t r ^*5. ^'^ft^S^Rl 0 1 (o^mnsam^L 

liJilHLfci^l-l 0«ia/cm'm«t{£<. 

^1 0 1 tf©*— /v^f*H-4J-CJ*/£V^„ icofc*, ^ 

«^♦:«^S1 0 l'*»{c:i^g!iLfc=¥-Yyr<D5*>©*iSI^*s 

jfi-zi'tsig-^-ctT. ¥»^s«i 0 1 ftcje©** 

20 S^a^ar-^y TC2 ^: L-Cj^^r i i:/<c.5c 

[0 0 2 31 c::-c. 0 7(;i^L.fcJ:p(c, «8^^abM 
(:ii8*-|^«EE*s3]or$n5 4:, ^j^^flES^ 1 0 1 

am^So-rv^fcgi»=¥■v y r c 2 n^-t^mpffsmmm i o 

2(C^«)L, rroife;^. NSI^^fii^fiiiEl 0 2;5^^^« 
<*:S« 10 1 fC[Rj*»-3T/h$ < t£\^m.:^}^'mMtmi^ 

7 10 1 p^is^xf-pm^immm 

1 0 31^©*— /^^COV^TttS:^Sr«l»&b■CV^$o 
[0 0 2 41 r©J:5{c, HStd^RUfcflljSO^J^'f::*-— 
30 K-ctt, iS»*iia©y-^m«t*s;*:#<, ^^:^-Y\z.m 

[00251 rtneijtt UT;*:|li£©j^flS©y^;4-— K4 
(@l) «:»c© J: 5 (-Sftfrrs, eiT, 03*5J:Vig4 
Sr#M L -C ^ ©S«fEft.RI ?lrIttM-r ^„ 
[0 0 2 61 *-f. mSJC^Ufctpt-, C^ABMt;! 

Km^^ivtcPNm^m%:iffvxpmT»&^^mi 3tc 

[0 0 2 71 r©t#, p«as!-efe?.it«^^{*:»«i 1 
©m»ps^ftfi«&ffi«i 3 ^:^s»^l^fi^^:'fcoTv^5 

©t?, NS^iK'ii^iKi 2 4'©^-r y T©— SCtt, ij^^ 
fjEStSl 1 f^t-t^tbbT, nrtc#ftbTV^2>*— 
iSJ^-^urtSSSt-'So i©N^«S!^*fi'^®«i 2*» 

e>i|t««ja« 1 1 '-©^•v y r^!S6i±NS!Jp««b««c i 

50 2 1 1 t ©M©iit-©a#aS-efcSjBEBSr 
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iffi^x^i:>ti^iK ^mM<omm-(^ii. Nm^n<isomm 

1 2<DjSffiiBlttE5a>^i:J±'<r/>^FV'»r.t*=»e>. N 

[00281 i|£g«t:a« 1 1 <D?FiUfi<fe«*W:J:iabfc i 
0''^®/cm'S«t(g:<, ^S'^i*:^^ 1 1 t"<0 
:^^-/^fi:«+5^•t?«/<e^^*^ *:|felife<^?g^-c«. ^^^^ 

•c*> 9 . ^i^^^*:^ 1 1 "^Nm^fp&mmm i 2 (OTs^tmo 

[0 0 2 91 rr-c. 04{c^LfcJ:5JJi. «8^ABre 
TV^/cS^^-y y TC 1 dSNS^*B'^^« 1 2 f^^t!) 

nmi^mih^fi^ ±^\.itxbVL. =.<r>m^a>miSi^^ 

1 1 rt*Ji:0?PS!^*fi<fe®« 1 3 l^<05j^-/H* 

[0 0 3 01 rwipJ-. :^mm(r>mWi(o^^:^—VA 
-ett. iS»:&i*Q<o y — ^' $ v ^ i v ^ 5 Kic 

[0 0 3 11 ^mm<oi^-mx\±. iimpfmmm^ 1 2 1 

e^irb. *y-K (N^:^*fi#!®«6 1 2) *5J:tFTy 
-K (PS!^*fi<fe^«l 3) <?5?F*fi'^J§*Sr«aj^{il 0 

K (ps!^*fii^®«i 3) t^mt^mmi 1 icD^ifffi 

iT.fc t#j;::ry-Kd^ e>2|£^<*:S«l 1 '^^SIi-r5=Sr-ir 
[0 0 3 21 JJtf-s 08~01 l*#flSUr. *|IJfi© 

[0 0 3 31 rr-Ctt. E8i;:;^L.fc<t5«-. jEWJ^m 

W K 1 4 1 6 t «riE?iJ«iSSUT. ««l^^-f 

Kl 4<Oil4S®EVdO^-fkSrfB'<5t<Ot bs 
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«-§-v s ©Rj^. mmtim^y-f:^- k 1 4 ©Mssmtt 

[0 0 3 41 m9\tm'^<r>y<'<ni—y:fxJ±y^iz.XK>m 

J-fcSi:^««^«l^'f;^-Kl 4*S:^>4ftSSi:Jfc5<?5 
10 -e, -ewii^iigSffiVdttJfi^-i^Sffiv f t/j:So 

;^fR]«iEv f tt. ry- Kt;«;y— Ktc^rawPNS-a- 
it*5M*UV\ jE^gJii-^v s *SjSft;^fRi«ra{ci 

t^<r:>V—i^mmhmit>x^/hXh^tcit>. :ittt-J;5 
«jEEK^Ttt?&ir''j:< . K 1 4 Oi^^flff V 

d ©iSj^ttjE3£SEffl-§-v s (ommtmt-sc-r^o 

[00351 01 OttJfctiEiSJt Lt:E5»c*bfc^7'9 

K 1 4 t t) , *©MiSI«JBEV d ttJil:^ 

iRimffiV f i/^SdS. :iO»^®Ji«:&[«iItiJEV f tt. El 

-^v s i>m-^^nm:.^i> t # \t.mtky-f k 1 4 « 
[0036] El 1 n^mM(ommc^?>y'r7A^my 

^:t—h' (lail'^Lfci?'^;*-— K4) cOttJS#1t^^ 
fcfcS i t K 1 4 it>i:^>ititmbfj: •? , 

m^f^m&v ft*, mio (om^x d t^Bfetc/j: 

i|ft^-f;a--Ki 4»;f7<<tfil4:*S, ::©i:t<oy— ^ 

v^t>©«>, Ell 0{c:;^L:te.77^y/vM^>f;^— K<t9« 
/hSOJcoTJSt). r*HcJ:5®ffiP*TAVHEl 0© 

f>*^/jjJ:5Jc, jS»:&iRj»rejc*3Jtsy-^««E{cj:53c 

^/w^rosiifcdSH 1 0 (om^^x <9 hmm ^ti. ^m^&im 

[003 71 tiiSs ±mvtcx 0 J-s >^^J6<o^flg©y 
50 K 4 -e«:. JiB;&rR]ttjE V f *s-^-^ifiS < r 
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[00381 ftlw, ^mm<omi&^i^^:i— K4 (@ 

[0 0 3 91 @1 2W:ra— Ste-htcCMOSig^fc^v" 

itS:*-rtO-efcSo i(Oi{£^#:Sia«. CMOS^^ 

o s h 9 i'i^^^ ^30 mm.w$n^^^^i^ti'^-^ * 

-K4 i:Sr{i^TV^^, r^^e><D#^^ra(4. vy=V 
I0 0 4 0J rWgltC^UfcJ: 5tC, PMOS 

^'.i? 2 0 J*, PM<o#«^^ 1 1 (Dmmi&mi^m^^ 
tcmm<o^mi^&m 1 1 ±izy- himm2 a ^^l-c 

[00411 NMO S h 9 3 0 tt. PS! 

1 1 <0«®3a«lf-?^fiE$ Jxfc P a:/P®Jac 

©iSSfllSNS^#fii»|i«3 2. 3 3i:, ^4re>©S«* 

^m^mum^ 3 2. 3 3 J: o Ttfe* tufc^^Oiit^ 

3 4 «»J;ttf->y = viWblK-C«^$iT.. VW& 
[004 21 ^)a'®iK(:i?^^$tLfcy-f K 4 14. 0 

1 p«©«Jg■e^>•5«>-ela|gsr«B&-r 
[00431 i 5 'Sisitwijt^fit^ef*. 
1 0 "is/ c m' msi(r>^'mvfW&. 1 1 (n>^mvL. l 

O COS (Local Oxidation of Silicon) jSfe^f^ioT^ 

^^5)■Sl^4 o?SrJ^^bfc^, ;^^<D7;i- hy y^'^^^ 

:^*fii^MS*s 1 0 "ffl/ 0 m' e«<ON l> a. 
5o I^«®7d-by y^7:7.fXeSriST. -f;^- 
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J8S*S1 0"ffl/cm'aj[©P!>=:/W®^3 liSiUf 

ps^ifiib^^i 3 

[0 0 4 41 t^\Z.^ CMOS^^=-^:®©N'^ci./W|B^2 

i*3j:t;5p>>i/v«jgE3 \ ±.\zMm\:,W%\^i.ox^yy> 
ijC'W^iiTKy i^y =» v4gf*>t>*sy- vmm^T^^ 

>>3./i^JS£2 Hcii, y>-hiSfii^2 4S::frbT<5^-h 
10 flffi2 5*sj^^^?tt. P5'3:yv^«3 licitt, hitft 
iBy^3 4Sr^LT'5^-h«<g3 5 ^sj^^K^ttS. 
[0 0 4 51 myUfS.^Hr^-^^Kmxzi.'O. N-^o: 

/i^*sK2 1 w«®jfi^jc, bm«i2 5 1 g e.»-&w 

tcy-;^- KW>'i:UT«>iS«iaEPS^*fi'^:«E2 

2. 2 3 SrflgisK-rs. 'B'y;tli-^';*->'aAffi(- <fc 

20 Lfcm> r(DJlMifS^]^{-> i«SJta[P^T*fi<fe«JSo2 
2. 2 3*3±TJ?il5jga[NM^*fi^®«3 2. 3 SiSiOt 
-5"— hmffi2 5, 3 5. K4©NS!^ 
*B!^^4^1 2*3J:tKP^^*eife^*^l 3K^iv^ivm-r 

[0 0 4 61 r<OJ:5^-^ 01»i*bfcfllit<oy-f:«— 

f^M-t-sr z.<r>it.iib. mwm^<r>mwm^ 

[0 0 4 71 j3c(c, 3{i:^?g®ftfe<o|liS©j^fi|{;ioVN-c^ 

[00481 S 1 3 J4*5&ig©fifc®Slig<D?gfl|{C'eK5)y 

40 KOSpB^ttE 1 (a) (c* LfctjOt |^^-e$)S 

[004 91 3f:||J£®J^^jc#^i5^-f ^M^^ 
a«l 1 a<D«®j£^fc?^^$tufcNS!^*fi«^fSi^Kl 2 
a (D^HSrll *) Htf J: 5 J- UT P§!^»6^®« 1 3 a *s 

y-f K-ei4i^^«© p Nm^mt^w^h mtmmz 

ttPN^B*^»«^iSii:■C/i<fflv^•r?^^Si^, NS 
^*fi«!)«« 1 2 h ¥fir»i«) o t # ©»ri5?^«H: 
50 i£ffifflICfT<^^^f/^$<*oTV^5o Ufc:^oT. NSJ 
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12a i>>h^^mi^mi 1 1 5=3^ Y y nsft^ 1 
9 fc/>* < . 1 1 a ff%(omm^r y 

[00501 014 H:*5IM<0 $ e> tcte«>IIJ6©?^fll»- 10 
<Df^-^^—¥<0^mm\tmi (a) {c*L.rct,<Di:l^# 

[005 11 ^mM<ommm?>^^:^'-hit. ¥^mi¥ 

1 1 ,b (Dmm&miz.m^^ivtcNm^m<i:iomm i 2 

b©jgHSr^«?fflt?i; 5{-bTPSi^*6!fe^iSEl 3 b*s 
J^^$^^-cv^S-^^^4Sl*3J;o^lal 3<om^tmm-r^h 
5*5, iai*5J:tJ501 3©^W;i-— Kt?ttNM?F*6«j|g 

« 1 2 , 12a (omm^^^m^mm. nt ummmvx 
13b asNS^*fi<fe^«E 12b (orm^hm. u a 

A/-C*5 •) , NS^i»t&fi« 12b 1 

1 b^:^^b■cv^/£^^ :i<Dtcib. Ji«;^iRjS8Mt-Na^ 
lUfi<fe«*|El 2 bd^^Sfcirf^tc^lii-r^^Yy TttPS^ 
#«<K»®«1 3brt-e-r'<TW;fe-g-UT?l58SU, Jft^ft:* 
tSl 1 b--f4SPfbb/iVS UlfeiSoT, ¥^^#:a«l 1 
b f^tcsa^-v- y T*s5l*U75:v>©-c. iSft;&iR)»irai-*5 

[00521 /iiS, «±©#SIJg©J^^Tf*. N^^*fi 30 

tw. NS!^*fii^J«l 2 c<dH*<d;?>^^PS!>F3!«'»®«E 
1 3 c T?I& fflA/-T?fi&(D— ;&l*i#»#:StE 1 1 ir^-T'S 

iWifefS^ 1 2 d <D-;br<D^Sr PM^*fi<^®^S 13d "CSi 
t)BA/-ete©-*«:i|t^«:aMRl 1 i 

[00531 oi>>(omn<Dmm^m^fx:^^ 

^Lfc^y-KiutroNS^iW'feil^i 2^(ommi: 

tf«lit t @ 2 ff>$^mmm I C*- K 1 Je:43Jt sesflfi 
^'fVVss (ABffl) JdffiA-f'SiiiibfcjJJ, El 18 
(D J: 5 {c#^S«*M I C*— K 1 a ©aai^'l' VV„ (C 
DM) icW^Tit^LitKit, r^^^:«:SmS!Sri^»^c•r^^ 
I^J:v^„ t-'fc*3*>, El 7ic*bfc<}:p|c, nS»^^ 
f*:S« lie \Z.T/— Kt b-C©PS!^*S«&®«E 1 3 e 50 
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r-C. SI 7 (a) K4 a<DJpffi@-Cfc9, 

US (b) 14 (a) (c:j3»t-5Z-Z' ;^(Bj*>^>^fc»f® 

0-efc-5o m^\^mmi^pm^mi^mmi 3 
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[0171 3|c5l8^©$^(Cfl&©*JS©J^«J;i'RSy-r:^ 
-h'<omm^m-rh<OX. (a) «^:O¥®0. (b) 

tt»f®0-efc5. 
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mm I c*- Ki^;^7^A®«iii&fiifigsr^-r0-efc2)c 

[;!?-^<oSiMl 

1. 1 a-l^^teSl C;*-K. 2 "y-y7-r^. 3 
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